The main objective was to determine the nitrogen and P retention and energy digestibility of immunological castrates (IC), entire males (EM), physical castrates (PC), and gilts (G) during 3 growth phases. A second objective was to compare growth performance among the sexes. The final objective was to determine the carcass iodine value (IV) among the sexes. Twelve individually housed pigs (PIC 337 × C22/29) of each sex with an initial mean BW of 35.7 ± 0.6 kg and a final BW of 145.0 ± 1.3 kg were evaluated. Anti-gonadotropin-releasing factor injections were administered at d 23 and 15 for groups 1 and 2, respectively. The second injection was given on d 56 of the 98-d experiment. Nitrogen, P, and energy digestibility were measured the last 3 d of the 10-d metabolism period starting at mean BW of 39.5 ± 0.6, 73.7 ± 0.8, and 105.5 ± 0.9 kg for periods 1, 2, and 3, respectively. The third collection started 14 d after the second injection. Entire males and IC had superior overall ADG compared to PC and G (P < 0.05). Entire males and G had the lowest overall ADFI, and PC had the greatest, with IC being intermediate (P < 0.05). Entire males were overall the most efficient, followed by IC, with PC and G being the least efficient (P < 0.05). Immunological castrates and EM had similar nitrogen retention (g/d) for the first 2 collection periods (P > 0.05). In the third collection period, nitrogen retention of IC was similar to that of both EM and PC (P < 0.05). Phosphorus retained (g/d) was not different among the sexes in the first collection; during the second collection, EM retained the greatest amount of P, G and PC retained the lowest, with IC being similar to all sexes. For the third collection, IC had P retention similar to that of EM, EM had retention similar to that of PC, and PC had retention similar to that of G (P > 0.05). However, G retained less P than EM or IC (P < 0.05). Apparent total tract digestibility of DM and GE and the DE of the diet did not differ among the sexes in any of the collection periods (P > 0.05). The jowl IV was the lowest in IC and PC and highest in EM, with G being similar to all sexes (P < 0.05). For the belly, EM had the highest IV, with the other 3 sexes being similar. In conclusion, 2 wk after the second injection, IC transition to become more similar to PC in terms of nitrogen utilization but are still similar to EM in P utilization. These data suggest a feeding program for IC that is intermediate between EM and PC is required to meet their nutritional requirements.
INTRODUCTION
A recently approved procedure has been introduced in the United States that provides an alternative to physical castration while addressing the issue of boar taint, a meat quality problem associated with the use of entire males (EM; Dunshea et al., 2001) . Two 2-mL injections of an anti-gonadotropin-releasing factor analog diphtheria toxoid conjugate (antiGnRF), with the first injection given after 9 wk of age and the second injection occurring at least 4 wk after the first injection and 3 to 10 wk before harvest, temporarily immunologically castrate EM (Improvest, Zoetis Inc., Florham Park, NJ). These immunological castrates (IC) are expected to achieve growth performance similar to that of EM before the second injection and then transition to become more similar to physical castrates (PC) thereafter (Dunshea et al., 2013) .
It is important to understand pig performance, including the nitrogen and P balance of IC when compared to EM, PC, and gilts (G). This information is essential when developing optimal feeding programs. Nitrogen retention provides an estimate of protein accretion and provides important information related to the pig's AA and energy requirements (Patience, 2012) . Pork producers in the United States have a generally sound understanding of how to feed G and PC and to a lesser extent EM, but there is a need for detailed information for use in developing optimal feeding programs for IC. Therefore, the main objectives of this experiment were to determine the nitrogen and P retention and energy digestibility of IC compared to EM, PC, and G and to investigate the growth performance of IC in relation to the other sexes. The third and lesser objective was to determine the jowl and belly iodine value (IV) from fat samples obtained from the 4 sexes. The hypothesis tested was that IC would perform similar to EM before the second injection and afterward would be more comparable to PC.
MATERIALS AND METHODS
This experiment was conducted at the Iowa State University Swine Nutrition Farm (Ames, IA). All experimental procedures adhered to the ethical and humane use of animals for research, and were approved by the Institutional Animal Care and Use Committee (number 8-11-7189-S).
Animals, Housing, and Experimental Design
Twelve pigs (PIC 337 × C22/29; Pig Improvement Company, Hendersonville, TN) of each sex (G, PC, EM, and IC) were selected across 2 groups based on a 13-d pretest period during which ADG was determined. Pigs were selected with similar ADG and BW. Gilts and PC were selected to have weights similar to those of the EM and IC, but because of the supplier selection of pigs delivered, the G and PC tended to be heavier. All pigs were housed in individual pens during the experiment, except during collection periods, when they were housed in metabolism crates. Individual pens had partially slatted floors with 1-c water drinker and provided 1.8 m 2 per pig. Feed was provided ad libitum throughout the experiment in both the individual pens and in the metabolism crates, whereas water was provided ad libitum only in the individual pens. In the metabolism crates, water was provided by a nipple drinker but access was controlled using a timer to reduce luxury water consumption (Fraser et al., 1990) while ensuring that water requirements were met (Shaw et al., 2006) . The water timer was turned on for approximately 6 h/d: 2 h during each of 2 feeding times, 1 h during the middle of the day, and 1 h at night. The metabolism crate feeders were filled twice daily to ensure that pigs had ad libitum access to feed. Any feed that was wet in the feeders or had dropped onto the floor was collected before filling the feeder each day, dried, and weighed to accurately calculate ADFI.
Experimental phases 1, 2, and 3 lasted from d 0 to 27, 28 to 47, and 48 to 98 of the experiment, respectively. Each phase included a metabolism period of 10-d duration (d 6 to 16, d 37 to 47, and d 63 to 73 for periods 1, 2, and 3, respectively) during which pigs were housed in metabolism crates. The first 7 d in the metabolism crates provided an adaptation period, followed by urine and fecal collection (d 13 to 16, d 44 to 47, and d 70 to 73 for collection periods 1, 2, and 3, respectively) as described below. Pigs were individually weighed, and feed intake was recorded to calculate ADG, ADFI, and G:F. Such weights were taken at the beginning of the experiment, each time pigs entered and exited the metabolism crates, weekly after the second injection, and at each dietary phase change.
The first anti-GnRF injection was given on d 23 and 15 for groups 1 and 2, respectively. The difference in timing between the groups was based on the scheduling of Zoetis personnel to administer the product. The second injection was given on d 56 (6 wk before harvest, or at approximately 18 wk of age); this corresponded with 9 d after the start of the third dietary phase. The third metabolism collection commenced 14-17 d after the second injection. The timing of the injections was in accordance with product label (Zoetis Inc.).
Sample Collection
An approximately 100-g sample of each diet was collected twice a week during feeding. Feed samples were collected separately for each group since different batches of diets were fed, and these samples were analyzed separately.
Total urine and fresh fecal grab samples were collected at 0730 and 1530 h for group 1 and 0930 and 1730 h for group 2. Fecal samples were placed in plastic zipclose bags and frozen at −20°C. At the end of each collection period, fecal samples were thawed at room temperature, pooled within pig, homogenized, and subsampled for later analysis. Fecal samples were later dried at 65°C.
Urine was collected in acid-washed plastic jugs containing sufficient HCl acid to maintain a pH of less than 2 to reduce nitrogen loss due to volatilization. During collection, the plastic jugs were weighed, the urine was homogenized, filtered with glass wool, subsampled, and stored at −20°C for future analysis of nitrogen and P.
All pigs were harvested at Sioux-Preme Packing Co. (Sioux Center, Iowa) the day after the live portion of the experiment had finished. After chilling, adipose tissue samples were harvested from the jowl at the ear dip and from the belly at the belly shoulder separation. Samples were transported to the Iowa State University Monogastric and Comparative Nutrition Laboratory (Ames, IA) and stored at −80°C for future analysis.
Diet Formulation
Diets were formulated to meet or exceed the nutrient requirements of EM and were provided to the pigs in mash form (NRC 1998; Table 1 ). In this way, the diets were the same across all sexes within phase. All essential AA were provided at a concentration that was 5% above the estimated requirement of EM; vitamin and trace minerals were increased by 15% above estimated requirement. This ensured that nutrient supply would not limit the growth performance of any sex. Titanium dioxide was added to each diet at 0.4% as an indigestible marker to determine apparent total tract digestibility of nitrogen, P, and energy.
Proximate Analysis and Calculations
Before analysis, diet and fecal samples were ground in a Wiley Mill (Variable Speed Digital ED-5 Wiley Mill; Thomas Scientific, Swedesboro, NJ) through a 1-mm screen and subsequently stored in desiccators to maintain a constant percentage of DM. Feed, fecal, and urine samples were analyzed in duplicate for all assays, and repeat analysis occurred for any sample with a CV above 1% for DM, GE, or N, above 3% for titanium dioxide or fecal P, and above 5% for urinary P. Dry matter was determined by drying samples to a constant temperature at 105°C (Isotemp oven; Fisher Scientific, Waltham, MA). Gross energy of the feces and feed was determined by bomb calorimetry (model 6200; Parr Instrument Co., Moline, IL) using benzoic acid as a standard (6318 kcal GE/kg; Parr Instrument Co.). The determined GE of the benzoic acid was 6,320 ± 7 kcal GE/kg. Titanium dioxide was determined using the method adapted from Leone (1973) . Nitrogen was determined by Tru Mac (Leco Corporation, St. Joseph, MO) using EDTA (9.56% nitrogen; Leco Corporation) for calibration. Determined nitrogen percentage of EDTA was 9.57% ± 0.10%. Phosphorus was determined by method 7.123 (AOAC, 1980), and absorption was measured at 400 nm using a spectrophotometer (Synergy 4; BioTek, Winooski, VT). The apparent total tract digestibility (ATTD) for DM, GE, nitrogen, and P were calculated from these data as described by Oresanya et al. (2007) .
Fatty acids were extracted from adipose tissue samples according to Lepage and Roy (1986) . Fatty acid methyl ester peaks were determined by gas chromatography (Varian 3900, Autosampler Varian CP-8400, Walnut Creek, CA) using a 60 m × 0.25 mm, 0.5 µm capillary column (Agilent Technologies Inc. DB-23, Santa Clara, CA). Helium gas was the carrier at 2 mL/ min with a split ratio of 100. The injector and the flame ion detector were set at 240°C. The oven temperature 
Statistical Analysis
Data were checked for normality using the PROC UNIVARIATE and PROC ROBUSTREG procedures in SAS 9.3 (SAS Inst. Inc., Cary, NC). All statistical analyses were performed using PROC MIXED with pig as the experimental unit. The model for growth performance data included sex as a fixed effect and group as a random effect. In addition to the above procedures, for overall ADG repeated measures were used with the TOEP covariance structure because it had the best fit with these data. Initial BW served as a covariate in all growth performance data as it was significantly different between groups (P ˂ 0.05). Nutrient and energy digestibility, fatty acid composition, and IV data were analyzed with sex as a fixed effect and group as a random effect. One EM belly adipose tissue sample was missed at the plant and not included in the analysis.
Model effects were considered significant where P < 0.05. If an effect was a significant source of variation, least squares means were calculated, and treatment means were separated using the PDIFF option. Differences were considered significant if P < 0.05 and trends if P ≥ 0.05 and P < 0.10.
RESULTS AND DISCUSSION
Two animals, 1 PC and 1 IC, were removed from the experiment because of gross symptoms of illness, such as poor appetite and lethargy. All of their data were excluded from the analysis.
Growth Performance
Initial BW among the sexes differed (P < 0.05); G and PC were heavier than IC and EM (Table 2 ). This difference was a function of differences in pig BW at the time of delivery of weaned pigs to the farm. At the start of the second phase, there was a trend for BW of EM and IC to be greater than that of the G and PC (P < 0.10). At the start of the third phase and at market (d 98), EM were the heaviest; PC were lighter than EM, and IC were intermediate between the two. Gilts were the lightest (P < 0.05).
In phase 1, there was no difference among the sexes in ADG and ADFI, but EM and IC had improved G:F compared with PC and G (P < 0.05). In phase 2, growth performance was as expected, with EM, IC, and PC gaining the fastest, EM, IC, and G consuming the least amount of feed, and EM and IC the most efficient (P < 0.05). For the third phase, IC and EM had a greater ADG than PC and G (P < 0.05). Immunological castrates were similar to PC and greater than EM and G in terms of feed intake (P < 0.05). The feed efficiency of the IC declined relative to that of the EM and was more similar to G; as expected, PC were the least efficient of the sexes (P < 0.05).
Overall, EM and IC had the greatest ADG, and EM and G consumed the least amount of feed, with PC having the greatest ADFI and IC similar to all 3 sexes (P < 0.05). Entire males were the most efficient, followed by IC, with G and PC being the least efficient (P < 0.05).
This experiment investigated the growth performance of all sexes of pigs, including IC, to heavier market weights. Limited research is available on growth performance of pigs raised beyond the ap- proximately 125-kg typical market weight in the United States (National Agricultural Statistics Service, 2012). As market weights of pigs have increased, it is important to understand the growth performance of pigs to develop feeding programs. Additionally, it is important to observe the performance of all sexes of pigs, as growing concerns over physical castration may lead to the use of EM or IC for future pork production. Therefore, in this experiment the pigs were raised to 6 wk after second injection to increase market weights and put pressure on the immunological castration procedure as the majority of the IC growth performance data have been evaluated at 4 wk after the second injection.
Several studies have evaluated growth performance among the 4 sexes under group-housing conditions (Fábrega et al., 2010; Weiler et al., 2013; Puls et al., 2014) . Since this was a metabolism experiment, pigs were housed individually. This may be 1 explanation of the differences in growth performance among the other studies (Pauly et al., 2009; Dunshea et al., 2011) . However, EM would be expected to have the best growth performance compared with PC and G, as they have high circulating levels of androgens and estrogens, which are known to contribute to anabolic metabolism (Claus et al., 1994) . Gilts also produce estrogens and a lower amount of androgens compared to EM but higher levels than PC, so they would be expected to perform somewhat better than PC (Claus et al., 1994) .
Nitrogen Balance
Gilts and PC had the greatest nitrogen intake, IC consumed the least, and EM were intermediate in the first collection period (P < 0.05; Table 3 ). There was no sex effect for fecal excretion of nitrogen (P > 0.05). Gilts and PC excreted the most nitrogen, and EM and IC excreted the least (P < 0.05). Entire males retained the greatest quantity of nitrogen (g/d), whereas G retained the least. Immunological castrates retained an amount intermediate between EM and PC, and PC were intermediate between IC and G (P < 0.05). When expressed on a percentage basis, N retentions in IC and EM were similar but greater than those of PC and G (P < 0.05). There was no difference in ATTD of nitrogen among the sexes in the first collection period (P > 0.05).
The second collection period yielded results similar to those of the first. Immunological castrates were similar to EM in relation to nitrogen intake, urinary excretion, total excretion, and retention. Physical castrates consumed the most nitrogen, and PC and G retained the least (P < 0.05). Fecal excretion and ATTD of nitrogen did not differ among the sexes (P > 0.05).
In collection period 3, IC consumed more nitrogen, excreted a greater quantity of nitrogen in the urine, and excreted more total nitrogen than EM (P < 0.05). Immunological castrates had retention (g/d) similar to that of EM and PC. Physical castrates were similar to both IC and G. The ATTD of nitrogen differed among the sexes, but the difference was small (P < 0.05). Huber et al. (2013) reported IC retained amounts of nitrogen similar to those of EM and PC from 9 to 16 d after the second injection. They also observed that nitrogen retention in IC was similar to that of PC and lower than that of EM 20 to 26 d and 30 to 36 d after the second injection (Huber et al., 2013) . Metz et al. (2002) found that at 4 and 5 wk after the second injection, EM retained quantities of nitrogen greater than those of IC and a-c Within a row, means without a common superscript differ (P < 0.05).
1 G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.
2 Retention = intake − fecal excretion.
3 Percentage of intake.
4 ATTD (%) = 100 − [(100 × diet concentration of TiO 2 × fecal concentration of component)/(fecal concentration of TiO 2 × feed concentration of component)] (Oresanya et al., 2007) . 5 The third collection commenced 14 to 17 d after the second anti-gonadotrophin-releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ).
PC, which were similar. Boler et al. (2011) evaluated the carcass composition of IC fed 4 different lysine levels and found that at 5 wk after the second injection, IC fed the same lysine level as EM had the greatest estimated lean percentage of the IC. These carcass data may suggest feeding a lysine level similar to EM after the second injection if the producer's goal is to obtain a carcass lean percentage similar to that of EM (Boler et al., 2011) .
Quantifying nitrogen retention allows for the calculation of the protein deposition rate; knowing the approximate protein deposition in turn allows for the estimation of the lysine requirement. Lysine is a very important nutrient in diet formulation as it is generally the first limiting AA in most diets and is also the AA to which all other AA requirements are defined according to the ideal protein ratio concept (Fuller et al., 1989) . Further research is needed to understand the lysine requirement of IC after the second injection. However, the data reported herein suggest that 2 wk after the second injection the lysine requirement would be intermediate to that of EM and PC. Thereafter, according to the results by Huber et al. (2013) and Metz et al. (2002) , the lysine requirement may become more similar to that of PC than that of EM.
The percentage of nitrogen retained by the pigs in this experiment was greater than typical, although the percent digestibility was normal (Kornegay and Harper, 1997) . It is important to note that in this experiment, nitrogen retention was calculated as the difference between excretion and intake. Even though precautions were undertaken such as acidifying the urine, collecting twice a day, and freezing the subsampled urine with a capped container, some ammonia may have been lost from the collection trays. As a result, the retention may be overestimated. Nonetheless, it is reasonable to assume that each sex would have similar loss of ammonia, so at least the relative differences would be preserved.
Understanding nitrogen utilization by pigs is important in developing practical diets and feeding programs. Excess AA absorbed from the diet will be excreted in the urine as urea, whereas if they are not absorbed, they will be excreted in the feces as a product of microbial fermentation (NRC, 2012) . Either way, excretion leads to excess nitrogen in the manure, which equates to inefficient use of nutrients. In the present experiment, it was observed that PC and G excreted more total nitrogen and retained less nitrogen than EM throughout each of the 3 phases, indicating that these 2 sexes were overfed in relation to EM. This was expected as the diets were formulated to slightly exceed the requirements of EM (NRC, 1998) . It is known that EM have greater protein deposition than PC and G (Dunshea et al., 1993; NRC 2012) because of the anabolic effects of androgenic steroids (Dubois et al., 2012) . For this reason, the retention was expected to be greater in EM and IC in the first 2 collections and for EM in collection 3. All sexes had similar ATTD of nitrogen for the first 2 phases, and the difference in the third phase was small. Also, throughout each of the phases, fecal excretion of nitrogen did not differ among the sexes. This indicates that each of the sexes absorbed nitrogen similarly and that excess nitrogen was excreted in the urine.
Phosphorus Balance
In the first collection period, P intake was the greatest in G and PC and lowest in IC, and EM were intermediate (P < 0.05; Table 4 ). Phosphorus retention (g/d) did not differ among the sexes (P > 0.05). Entire males and 1 G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.
4 ATTD (%) = 100 -[(100 × diet concentration of TiO2 × fecal concentration of component)/(fecal concentration of TiO2 × feed concentration of component)] (Oresanya et al., 2007) . 5 The third collection commenced 14 to 17 d after the second anti-gonadotrophin-releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ).
IC retained the most P and excreted the least when expressed as a percentage of intake (P < 0.05). Entire males and IC had similar ADFI, lower total percent excretion, and greater percent retention of P compared to PC and G in the second collection (P < 0.05). In the third collection period, it was observed that P intake of IC increased to be similar to that of PC and the excretion levels (in g/d) of the 2 sexes were similar (P < 0.05). Phosphorus retention (g/d) was the greatest in IC and lowest in G. Physical castrates were similar to both EM and G, and EM were similar to both IC and PC. The results suggest that 2 wk after the second injection, IC pigs have greater excretion because of an increase in feed intake but still have P retention similar to that of EM. Therefore, the P level in a feeding program for IC should be adjusted to account for this increase in feed intake.
As expected, the ATTD of P decreased with each collection period, and this was a function of the diet composition. The contribution of monocalcium phosphate, a highly digestible source of P, decreased with each phase. One summary reported P retention in finishing pigs ranged from 20% to 45% and digestibility ranged from 20% to 50% (Kornegay and Harper, 1997) . Apparent total tract digestibility of P in this experiment fell within this range or slightly above. Retention was also very close to the range reported by Kornegay and Harper (1997) . The greater values in this study were probably due to EM having a greater P requirement because of higher protein accretion rates.
The P requirement of EM is known to be greater than that of PC and G (NRC, 2012) . A comparison of EM and PC both slaughtered at 105 kg showed that EM had 11% greater bone weight than PC (Knudson et al., 1985) . This difference was not due to length or density but to bone thickness (Knudson et al., 1985) . As it is known that bone is largely composed of Ca and P, thicker bones would indicate a greater P requirement.
Digestibility
There were no significant differences in ATTD of DM and GE among the sexes for any collection period (P > 0.05; Table 5 ). Digestible energy of the diets for each collection period did not differ among the sexes (P > 0.05). Therefore, under the conditions of this experiment, when feeding a common diet, digestibility of energy will not differ among the sexes. There are very few data on the subject of sex effects on digestibility; it is known that age is an important variable, but apparently sex is not (NRC, 2012) .
Iodine Value and Fatty Acid Composition
Regardless of sample site, the fatty acid composition and IV of fat from IC were similar to those of PC at 6 wk after the second injection with the exception of 18:1 in jowl samples (P < 0.05; Table 6 ). Boler et al. (2012) reported that the belly IV of IC was greater than that of PC 4 wk after the second injection, but by 6 wk after the second injection, there was no difference. Tavárez et al. (2014b) reported belly and jowl IV of IC and PC from 2, 4, 6, and 8 wk after the second injection and found that PC IV remained relatively constant, whereas IC IV decreased to become more similar to that of PC beyond the second injection. At 4 to 8 wk after the second injection, both the belly and jowl IV were similar between IC and PC (Tavárez et al., 2014b) . All experiments, including that reported herein, demonstrated that by 6 wk after the second injection, IC clearly have had sufficient time to become similar to PC as reflected by IV. However, marketing pigs at a greater time after the second injection results in increased feed consumption of IC, which therefore increases production costs even when feed conversion has been shown not to be affected (Lealiifano et al., 2011) . More research may be needed to understand how nutrition may play a role in adjusting the IV of IC. It has been reported that IC fed dried distillers grains with solubles (DDGS) at 30% inclusion level in the diet have increased belly and jowl IV at harvest compared to those fed a standard corn and soybean meal diet (Asmus et al., 2014; Tavárez et al., 2014a) . It was also found that removing the DDGS before harvest reduced the IV in both IC and PC at 5 and 7 wk after the second injection (Asmus et al., 2014; Tavárez et al., 2014a) . Entire males had a greater IV than PC and IC in jowl samples (P < 0.05). Gilt jowl IV was similar to those of all the sexes (P > 0.05). Entire males had the greatest IV, and IC, PC, and G had the lowest in belly samples (P < 0.05), which is consistent with the results of Kyle et al. (2014) . On average, the jowl IV was 1.33% greater than that of the belly. The difference in IV from the 2 sample sites ranged from 1.85% in G to 0.34% in EM. It has been reported that the jowl has a greater IV than the belly and takes a longer time to change when the diet is altered (Asmus et al., 2014) . Seman et al. (2013) used an IV of greater than 74 g/100 g to classify pork bellies as soft or unacceptable. All of the sexes, except for EM, fell below this standard. Entire males had greater levels of 18:2 and 18:3, which may account for the greater IV. Wood et al. (1989) demonstrated that as back fat increased, concentrations of 18:2 and 18:3 decreased. It makes sense that EM had greater levels of these 2 fatty acids because EM have less back fat than PC Fábrega et al., 2010) . It has also been shown that IC have similar levels of back fat to PC at 4 to 6 wk after the second injection (Fábrega et al., 2010; Boler et al., 2014; Tavárez et al., 2014b) and thus would be expected to have similar 18:2 and 18:3 concentrations in the adipose tissue. When comparing EM and G, Wood et al. (1989) reported that 18:1, 18:2, and 18:3 concentrations differed, with G having greater 18:1 and lower 18:2 and 18:3 concentrations; this difference was confirmed in this experiment.
In conclusion, the differences in overall growth performance were as expected and provided a framework for the nitrogen and P results. After the second injection, IC were intermediate between EM and PC in terms of nitrogen retained, and IC and EM retained similar levels of P. Immunological castrates provided clear benefits over PC. Feeding programs for IC after the second injection need to be further defined. However, these data suggest IC may require feeding programs intermediate to that of EM and PC, following the second injection. a-c Within a row, means without a common superscript differ (P < 0.05).
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